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PURPOSE OF STUDY 

To de t e rmi~e  the  f e a s i b i l i t y  of subst i tut ing a ski-jump 
bucket fo r  the  or iginal  extensive rectangular s t i l l i n g  basin  of Cleveland 
Dam spillway. 

CONCLUSIONS 

1. In general the  s p i l l w ~ y  flow conditions were acceptable, 
par t icu la r ly  a t  the smaller discharges. 

2. The ski-jump bucket s lo t ted  t o  form flow s p l i t t e r s ,  sa t i s -  
f a c t o r i l y  deflected the  water i n t o  the r i ve r  channel downstream away 
from the toe cf the  dam a t  a l l  flows (Figures 9 through u). 

3. The s lo t ted  bucket,distributed the spillway flow over a l a rge r  
area  of the  r i ve r  bed than a p la in  curved bucket. 

4. Subatmospheric pressures, suf f ic ien t  t o  cause cavitation,  * 

occur on surfaces just  below tk? sharp edges of the flaw s p l i t t e r s  
(Figure 4). Cavitation csn be eliminated by rounding the  edges of the  
s p l i t t e r s ,  or i t s  tendency reduced by chamfering the edges. 

rC 

5. Water f ins ,  caused by the flow from the c r e s t  spreading behind 
the  p ie rs  and striking the t ra in ing  walls, overtopped the  t r a i d n g  
walls a t  discharges of 33,500 c f s  and more. The high qua l i ty  rock of # 

the canyon walls should preclude any damage t o  the spillway s t ructure  
or dam by t h i s  wertopping. R e d ~ ~ i n g  the  of fse t  distance between the  
downstream edges of the  c r e s t  p ie rs  and the inside surfaces of the 
t ra in ing  walls would eliminate the  f i n s  and overtopping. 



flows greater than 30,000 cfs. The reservoir  elevation f o r  the mximwa 
discharge, L~,OOO cfs, was 577. Floating debris w i l l  e t d k e  the upstrean; 
spillway bridge @rder during capacity floods unless it f a  raiaad. The 
elevation of the water surface a t  t h e  dam axis f o r  this discharp;e w i l l  be L 
about 57h.5. 

7. Removal of the flaw s p l i t t e r s  or the  portion of t he  bucket L 

between the  slots t o  make the surface continuous, causes the  spillway 
flow beyond the bucket t o  be more concentrated. 

sur 
The 
The 

8. The spillway flow surface has the appearance of a corrugated 
face with the grooves and ridges para l le l  t o  the d i rec t ion  of flow. 
s i ze  of the corrugations or "ropest? increase a s  the flow increases. 
roughness is accentuated by the narrowness of the  spillway and by 

the upstream overhang of the  crest .  

INTRODUCTION b 

Cleveland Dam was or ig ina l ly  designated Capilano Dam. Hydrau- 
l i c  model studies were conducted on the spillway of t h i s  ea r ly  design 
i n  the  Hydraulic Laboratory of t he  Bureau of Reclam'tion i n  1946. The 
r e s u l t s  of t h i s  study a re  contained i n  Hydraulic Laboratory Report 
No. Hyd-222, en t i t l ed  ttHydraulic Model Studies on the Spillway f o r  
Capilano Damw dated December 6 ,  1946. Fteport No. HyJ-222 i s  included a s  
an Appendix t o  t h i s  report. 

The spillway design was modified from the s t i l l i n g  basin type 
t o  t he  ski-jump type t o  rea l ize  a reduction i n  i n i t i a l  cost,. The.Bureau 
of Reclamation was authorized on December 22, 1952, t o  rake hydraulic 
model s tudies  of the modification. Field construction was i n  progress 
a t  t he  time the model s tudies  were authorized, and it was expected t h a t  
concrete would be placed i n  the  bucket area by the middle of January 
1953. The model was put i n t o  operation January 15 ,  1953. M r .  H. A. 
Hal l - id ,  a representative from the  Greater Vancouver Water D i s t r i c t ,  
witnessed the operation of the  model on January 20. He was sa t i s f i ed  
with the  performance of the  ski-jump t o  the extent t ha t  f i e l d  construc- 
t i o n  could be continued without delay. 

a 

The primary features  of the  dam, except f o r  the  ski-jump, a re  
discussed on page 1 of the  Appendix, and t h e i r  re la t ive  locat ion shown 
on Figure 1 of the Appendix. b 

THE INVESTIGATION 

The problem. The primary purpose of the  model investigation 
was t o  study flow conditions i n  the  ski-jump bucket and i n  the  canyon 
and r i v e r  bed imed ia t e ly  downstream from the dam. 



The model. A 1: 60 scale  nlcdel was constructed fo r  the  study; 
complete with c res t ,  chute, t r a in ing  walls ,  ski- jump, and topography 
damstream t o  a point about 780 f e e t  below the  axis of the dam. The 
drum gate was represented by a curved metal sheet hinged t o  the  wooden 

I cres t .  Pjver ou t le t s  were omitted because it was considered t h a t  the  
flow from them would give conditions i n  the  bucket s imilar  t o  those fo r  
flow over the  spillway. 

d 

The model is shown schematically on Figure 1. Sections of the  
prototype spillway are shown on Figure 2. A L- by 5- by 8-foot deep 
head box made of sheathing and sheet metal l ined was used t o  represent 
the spillway approach. The c r e s t  was s e t  i n  the  box so an ins ide edge 
of the box represented t he  upstream face of the  dam. The spillway was 
constructed in three  par ts .  The c r e s t  and p ie rs  were made a s  a u n i t  
of sugar pine. The s t r a igh t  portion of the  chute and t r a in ing  w a l l s  were 
made of plywood. Tne ski-jump bucket and t ra in ing  walls  were made of 
sugar pine. Special shaped blocks were individually glued t o  the  surface 
of a pla in  curved bucket t o  form a s lo t ted  bucket. The blocks could be 
removed fo r  study of the  pla in  bucket. The chute was attached t o  the  
c r e s t  with a mortise jo in t ,  and the ski-jump buck& was secured with 
screws and glue t c  the  face of the  chute. A l l  pa r t s  of t he  spillway 
were given a coat of glyptol  base paint  a s  waterproofing. 

The t a i l  box was framed with 2 by 4 s t r i nge r s  arid studs and 
sheathed with plywood. The joints  were sealed by covering with muslin 
and doping with the  glyptol  base paint. The topography immediately 
dcmstream from the dam conformed with the  canyon w a l l  scal ing planned 
f o r  the  or iginal  rectangular s t i l l i n g  basin design. Vertical  topography 
bents were used from the  end of t he  ski-jump bucket t o  the  point where 
t h e  r i v e r  channel angles t o  the  l e f t .  From t h i s  point downstream, hori- 
zontal  bents were used (Figure 5). The bents were covered with metal 
l a t h  and plastered with 3 / h  of an inch of concrete. l'he f loor  of the  
box represented elevation 260 and the  topography was leveled off a t  t he  
equivalent o f  ?I '-ration 390. The bot ton of the  box was covered with 
gravel t o  elevation 300 a t  the  toe  of the  bucket and tapered t o  elevation 
260 a t  t he  t a i l ga t e .  The material was a random mixture, and varied i n  
s i z e  from pea gravel t o  1-1/2-inch maxirnum. 

An 8-inch centr i fugai  pump was used t o  supply water through 
an 8-inch l i n e  t o  the  mdel .  Discharge was measured with a 6-inch 
standard Venturi meter. Reservoir elevations were measured w i t h  a hook 
gage i n  a m i l  connected t o  the head box. Tai l  water was regulated t o  
a s t a f f  gage fastened t o  the  floor of the  box upstream of the  t a i l g a t e  
a t  a locat ion corresponding t o  t h a t  of the gaging s t a t i on ,  about 700 
f e e t  downstream from the  dam axis. 

Tests. The model was operated a t  discharges equivalent t o  - 
5 , O ,  15,000, 25,000, 35,000, and 4 3 , O  cubic f e e t  per second w i t h  



A piece of 14 gage sheet metal was curved t o  conform with the  top 
surface of the d run  gate and secu.red t o  the c r e s t  with piano hinge 
and discharges.of 8,000, 14,000, and 22,000 c f s  studied with a constant 
reservoir  elevation of 570. A discharge, representing 1,750 cfs ,  was 
passed through a f i r e  hose and short  pipe nipple t o  represent flow con- 
d i t i ons  through the  ski--jump bucket with the  l e f t  ou t le t  operating. 
The l a t t e r  t e s t  was made t o  i l l u s t r a t e  t h a t  the  ou t le t  flow w i l l  not be 
adversely affected by the  ski-jump bucket. 

A cal ibrat ion of the f ree  c r e s t  was made and pressures taken 
on the  edge of one of the  bucket flow s p l i t t e r s .  Approximate surface 
ve loc i t i es  were taken i n  the  r i v e r  channel below the hydraulic jump 
where the  je t  from the bucket plunged i n t o  the  t a i l  water. These veloci- 
t i e s  were obtained by observing the  time required for  a small block of 
wocd t o  t rave l  a distance of 4 f ee t  i n  the  model. 

The model was filmed with s t i l l  and movie cameras t o  obtain 
a photographic record of flow conditions. 

Test resu l t s .  The cal ibrat ion of the  f ree  c r e s t  (Figure 3) 
coincided with the  ca l ib ra t ion  of the or ig ina l  model (Figure 6 of the  
~ppendix) ,  so  no fur ther  ca l ib ra t ion  was performed. The curves i n  t h e  
Appendbc can be used t o  determine flood quant i t ies .  

A l imited study was made of the pressure on one of the edges 
of a bucket flow s p l i t t e r .  This  t e s t  was planned a f t e r  the  made1 had 
been constructed, and only one piezometer was placed i n  the c r i t i c a l  
area near the  edge of the s p l i t t e r  because of the d i f f i c u l t y  of inser t ing  
tubes i n  wocd. Location of the  piezometer and the  pressure curve f o r  
various discharges are  given on Figure 4. Subatmospheric pressure 
occurred a t  high discharges. Low pressures can be expected along the  
s p l i t t e r  edges, ~ 5 t h  probable cavi ta t ion damage prevail ing a t  smaller 
discharges than is indicated by t h e  curve. 

The c r e s t  p iers ,  constructed t o  elevation 572.25, were over- 
topped a t  a discharge of 3 0 , W  c f s  s o  the  height of the  model p i e r s  
was increased. In order t o  contain the maximum expected discharge of 
43,000 c f s  between the  piers ,  the  piers  would have t o  extend t o  about 
elevation 577. 

A plan view of the c r e s t  operating a t  d i f f e r en t  discharges 
i s  shawn on Figures 6 t o  8 inclusive.  The flow over the  c r e s t  i s  rough. 

I The roughness becomes noticeable a t  15,000 c f s  ( ~ i ~ u r e  7 ~ ) ' a n d  progresses 
b 

with increases i n  the flaw. The i r regula r  flow produces corrugations or  
"ropestf down thc  spillway chute ( ~ i ~ u r e s  21 and 22). This charac te r i s t i c  
was observed i n  the  or iginal  s tudies  (Figures 9 and 10,~ppendixj .  The 

I vro!x:stf a re  accentuated by the  combination of the  contracted flow a t  the  



p i e r s ,  and t h e  v e r t i c a l  f l a w  past  t h e  overhanging portLon of t h e  c res t .  
The rough flaw on the  model was improved but not eliminated by placing 
a f i l l e t  on t h e  upstream face of the  spillway t o  el iminate the  overhang. 

B The downstream progression of t h e  ,jet impirigement cn t h e  
rivefi bed with increasing flow and t h e  enlargement of the tu rbu len t  
a rea  wherein t h e  flow energy i s  dissipat,ed i s  shown on Figures 9 through 
11. The water llropesl~ sometimes give a s t r agg ly  appearance t o  t h e  

J 

j e t  a s  shown on the  r i g h t  s i d e  of the  ,jet i n  Figure 1 1 A .  The s l o t t e d  
bucket produces a l t e r n a t e  r idges  and troughs i n  t h e  flowing water 
spreading it longi tudinal ly .  This increases t h e  a r e a  of impingement 
a t  t h e  t a i l  water surface over t h a t  f o r  a p l a i n  curved bucket. 

The l e f t  s ide  of t h e  ski-jump a rea  with d i f f e r e n t  discharges is 
s h m  on Figures 12 through U+. The r i g h t  s ide  is  shown on Figures 1 5  
through 17. The water was r e l a t i v e l y  undisturbed a t  the  toe of t h e  dam 
a t  a l l  flows. The j e t  cleared t h e  canyon wal ls  above the  water surface  
a t  a l l  flaws. Discharges of 25,000 c f s  o r  more produced considerable 
splashing from underwater impingement i n  the  region where t h e  canyon i s  
r e s t r i c t e d  by t h e  protuberance i n  the  r i g h t  canyon w a l l .  

The water f i n s  formed by t h e  impingement of the  spil lway f law 
on t h e  t r a i n i n g  wal ls  darnstream from t h e  c r e s t  p i e r s  began overtopping 
t h e  t r a i n i n g  wal ls  a t  a flow of 33,500 cfs .  These f i n s  formed a t  l o w  
flaws and increased i n  s i z e  with increases  i n  f l o w  u n t i l  they eventual ly  
overtopped t h e  t r a i n i n g  wal ls  (Figures 14 and 17). This condit ion was 
eliminated by holdipg temporary s l i g h t l y  converging walls  i n  t h e  m a l e 1  
with the  upstream ends near the  backs of the  c r e s t  p iers .  Splashing 
over t h e  t r a i n i n g  walls  occurred i n  t h e  t e s t s  on t h e  o r ig ina l  model and 
i s  discussed on page 4 of t h e  Appendix. 

The water ac t ion  i n  the  narrow por t ion of t h e  gorge below t h e  
dam i s  shown on Figures 18 and 19. A t  L3,OQO c f s  t h e  prominent point  
on t h e  l e f t  and jus t  downstream from t h e  deep narrow sect ion of t h e  
gorge ge t s  splashed and washed over occasionall j j  from wava act ion.  The 
model operating a t  various discharges i s  shown from downstream i n  Figures 
20, 21, and 22. 

Surface v e l o c i t i e s  measured i n  the  channel downstream from t h e  . jump a r e  tabulated below: 

Velocity feet per second 



d i s p o s i t i o n  of ma te r i a l  by f loods  of var ious  magnitude was noted, 
Figures 23 and 24. It appears  t h a t  loose rock i n  t h e  impingement a r e a  
w i l l  be p i l ed  t o  form a b a r  a t  t h e  bend i n  t h e  stream channel. 

Flow condi t ions  on t h e  sp i l lway f ace  with t h e  ga te  holding a 
cons tant  r e s e r v o i r  e l e v a t i o n  of 570 a r e  shown on Figures 26 and 27A. 
The ga te  pos i t i on  has no e f f e c t  on the  flow condi t ions  i n  t h e  ski-jump 
bucket. Addit ional  information concerning t h e  sp i l lway f low i s  con- 
ta ined  on page 4 and on Figures 6 and 8 of t h e  Appendix. 

The a s s i m i l a t i o n  of an o u t l e t  i n  opera t ion  on t h e  model by 
a hose and pipe n ipple  was crude, but  it i l l u s t r a t e d  how t h e  flow from 
t h e  o u t l e t s  w i l l  pass  d m  t h e  f a c e  of t h e  zp i l lway and thruugh t h e  
ski-jump bucket (Figure 2 7 ~ ) .  

Flow l i n e s ,  obtained by t a ldng  a l/l0-second exposure photo- 
graph of c o n f e t t i  s c a t t e r e d  on t h e  water su r face  i n  t h e  downstream r i v e r  
channel were obtained, f o r  comparing v e l o c i t i e s  and flow p a t t e r n s  i n  
t h e  pumping p lan t  and fishway a r e a s ,  Figure 25. Too much of t h e  main 
channel was covered i n  t h e  f i r s t  t e s t s  and t h e  high v e l o c i t y  water made 
t h e  f low l i n e s  v a l u e l e s s  a t  high discharges.  Exposures of 1/10 and 
1/5 of a second were used i n  l a t e r  p i c t u r e s  of t h e  l e f t  s i d e  i n  t h e  
pumping p lan t  a r e a  ( ~ i g u r e s  33 through 36). A t  low flows t h e  water 
flaws downstream with l i t t l e  turbulence  along t h e  stream edges, Figure 
33. Reverse flow occurs along t h e  l e f t  bank with a r e l a t i v e l y  slow 
counterclockwise whorl i n  t h e  pumping p lan t  area.  An inc rease  i n  d i s -  
charge c a r r i e s  t h e  r eve r se  f1.m f a r t h e r  upstream along t h e  l e f t  bank 
with ind ica t ions  of small whorls forming i n s i d e  the  genera l  whorl 
( ~ i ~ u r e s  34 through 3 6 ) .  

The model i n  operat ion h-ith t h e  p l a i n  carved buclte t i s  shown 
on Figures 28 through 31. The only not iceable  d i f f e rence  i s  i n  t h e  
jet downstream from t h e  bucket. ?"fie j e t  i s  s o l i d  and not  a s  t h i c k  a s  
with t h e  s l o t t e d  bucket. The j e t  was more concentrated d e n  it son- 
t a c t e d  t h e  r i v e r  bed and more scour occurred e rd in i l ;  a larger pool 
(Figure 32). Tne e ros ion  wou1.d t ake  place f a r  enough damstream t o  
preclude any damage t o  the  s t ruc tu re .  
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FIGURE 8 
REPORT Hyd- 389 

B. 5,000 cia discharge 

Greater Vancouver Water District 
Vancouver, B. C., Canada 

Cleveland Dam rki-jump spillway 

Flows of 0 end 5,000 cf8 W6r C F Q ~ ~  
with gsto down 



FIGURE 7 
REPORT Hyd-369 

A. IS, 000 cis discharge 

, 

B. 25,000 cfs discharge 

Greater Vancouver Water District 
Vancouver, B.C., Canada 

Cleveland Dam ski-jump spillway 

Flows of 15,000 and 28,000 c h  over crest 
with gate down 



FIGURE 8 
REPORT Hyd-360 

A. 35,000 cis discharge - 

B. 43,000 cis discharge 

Greater Vancouver Water District 
Vancouver, B. C., Canada 

Cleveland Dam ski-jump spillway 

Flows of 35,000 and 43,000 cis over crest 
with gate down 







FIGURE 11 
REPORT Hyd 
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IGURE 
EPORT 

B. 5,000 cfs dimcharge 
Tail water el. 288 

Oremter Vancouver Water District 
Vmcouver, B. C., Canada 

Cleveturd Pkm ski-jump spillway 

View of hlt #,hie In ski-;ump area 
vd th i lowsdOaad6 ,006cf~  



FIGURE 13 
REPORT Hyd-369 

A. 15,000 cfsr discharge 
Tail water el. 209 

B. 25,000 cfe discharge 
Tail water el. 307 

Greater Vancouver Water District 
V ~ R C O W C ~ ,  B. C. Canada 

Cleveland Dam 6311-jump epillway 

View of zight side in ski-jump area 
with Sbwe of 15,000 and 25,000 cis 



FIGURE 14 
REPORT HJrd-369 

A. 35,000 cfs discharge 
Tall water el. 314 

B. 43,000 cfs discharge 
Tail water el. 3 18 

Greater Vancouver Water District 
Vancouver, B. C., Canada 

C l w e k n d  Dam ski-jump spillway 

View of right side in ski- p rraa 
with flews of 56. OW and e m 0  cfs 



A. No discharge 

B. 5,000 c f s  discharge 
Tail water el. 288 

Greater Vancouver Water D i ~ t r i c t  
Vancouver, B. C. , Canada 

Cleveland Dam ski-jump spillway 

View of right side in ski-jump area 
with flows of 0 and 5,090 c f ~  



FIGURE 16 
REPORT Hyd-360 

A. 15,000 cis discharge 
Tail water el. 299 

B. 25,000 cis dircl~nrge 
Tail water el, 307 

Greater Vancouver Water Dietrict 
Vencouver, B.C., C a d  

Cleveland Dam eki- jump r pillway 

Vim of left s ide  k s M - ) m p  area 
with go- oi 15, OQO .nd as, 000 cis 



FIGURE 17 
REPORT Hyd- 369 

A. 35,000 cfs discharge 
Tail water el. 314 

B. 43,000 cfs ahcharge 
Toil water el. 3 19 

Greater Vancouver Water IWstsict 
Vancouver. B. C.. Canada 

Cleveland Dam ski-jump spillway 

View of left ride in rM-Jump area 
with flows of 35,000 rrnd 43,000 cfs 



FIGURE 18 
REPORT Hyd-368 
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FIGURE 19 
REPORT Hy 
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FIGURE 20 
REPORT Hyd-369 



FIGURE 21 
REPOR'l' Hyd-369 
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FIGURE 23 
REPOR'I' Hyd-369 
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A. Plan B, Close-up from right side 

Greater Vancouver Water Mstrict 
Vancower, B.C., Canada 

Clwelorrd Dam ski-jump spillway 

Scour in river chanael after 
43,000 cfs discharge 



FIGURE 25 
REPORT Hyd-360 

B. 25,000 cls discharge 

Greater Vancouver Water District 
Vancouver, B. C., Canada 

Cleveland Dam ski-jump spillway 

Flow pattern in river channel as 
shown by floating confetti. 
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URE 26 
?ORT Hyd-369 
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FIGURE 27 
REPORT. Hyd-360 
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FIGURE 28 
REPORT Hyd-369 
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FIGURE 20 
REPORT Hyd-380 

Grwter Vancower Water Dttrict 
v.arrcouver* B.C., calm& 

Clwelmnd Dam ski-jump spbllway 

FLov ctxd&iQlne at left brnk 
with bucket splitters rexnwed 



IL'IGURE 30 
REPORT Hyd-360 
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FIGURE 32 
REPORT Hyd-369 



FIGURE 33 
REPORT Hyd-389 

A. 1110-second exposure 

B. 1/5-second exposure 

Greater Vancouver Water Dbtrict 
Vancouver, B.C., Canada 

Cleveland Dsm ski- jump spillway 

Flow pattern in pumping plant and 
fishway area for 15,000 cia dhtrorrge 
a s  shown by floating confetti, 



Greater Vancouver Water MstrLct 
Vancouver, B. C., Canada 

Cleveland ih~i ski-jump spillway 

Flow pattern in pumplw plant and 
fishway area for 25,000 cfe diccharge 
as shown by noatfag confetti. 



B. 1 / 5 -second exposure 

Greater Vancower Water District 
Vancouver, B. C. Canah 

Cleveland Dam ski-jump spillway 

Flow pattern in pump- plank and 
fishway area lor 95,000 cia d b c b r g s  
u shorn by n-t- cdetti. 



FIGURE 3(8 
W m R T  PIM-360 

Greater Vsncower ~. t& Dlrtrdct 
Vtpcouver, B.C., Cmmda 

Cleveland Dam ski-jump spillway 

Flow pattern in pumping pbnt md 
fishway area for 43,800 cfs dhchuge 
as shown by floating confetti. 







discharge (1,000-year flood) of 43,000 second-feet . The 100-year 

flood was considered t o  be 33,000 second-feet, The domestic water 

supply w i l l  be released through two 72-inch diameter tunnels and 

controlled by two 5- by 6-foot high-pressure s l i de  gates, An 8-foot 

diameter connection will be provided i n  the  face of the dam f o r  a 

penstock f o r  fu ture  power development, 

me r e s u l t s  of tke hydraulic model s tudies  of the Capilano Dam 

may be summarized as follows: 

1. The flow conditions i n  the  approach VJ the spillway 

were sat isfactory.  

2. To pass the  m h u m  discharge of 43,000 second-feet, 

the maximm reservoir  elevation w i l l  be 577, 
3. W i l e  there  was considerable splashing over the chute 

t ra in ing  w a l l s  a t  the higher discharges, the  operation was con- 

sidered acceptable because of the exce l len t  rock i n  t he  v i c in i t y  

of t h e  dam, Operation of t he  s t i l l ing-basin  a s  o r ig ina l ly  designed 

was en t i r e ly  sat isfactory.  

4. Generzl ex te r io r  operation of the  r i ve r  o u t l e t s  a t  f u l l -  

gate opening was sa t i s fac tory  f o r  a l l  combinztions of flow. 

DESCRIPTION OF THE P,OUZL 

A 1:60 scale hydraulic model of Capilano Dam was constructed a t  

the new Bureau of Reclamation Hydraulic Laboratory located i n  t h e  Denver 

Federal Center, Denver, Colorado. Standard construct ion was used i n  

the  model, The head and ou t l e t  boxes were of timber and l ined  with 

sheet metal. The cres t ,  r i v e r  out le ts ,  end upper par t  of the chute 

were constructed of sheet  m e t a l ,  while t h e  s t i l l ing-basin  was constructed 

of wood, The topography i n  the  ou t l e t  box wha constructed of wood and 



layout is shown i n  Figure 3. The model, ready f o r  operation, i a  

shown i n  Figure 4 A .  

THE INVESTIGATION 

The approach. With the exception of the trashrack f o r  the  

d ~ m e s t i c  water supply, the approach t o  t h e  spillway i s  s t r a i g h t  and 

symmetrical and, therefore, presents  no hydraulic problem. The trash- 

rack i s  located c loser  t o  the  spillway than i s  custor,lary, so model 

s tudies  were made on the spillway operation and efficiericjr with and 

without the  trashrack stxucture. The trashrack s t ruc ture  did not 

e f f e c t  the operation o r  eff ic iency of the spillway i n  the  model. 

Figure 5 A  shows thc  approzch condit ions a t  the maximum discharge of 

43,000 second-feet. 

The overflow c r e s t  section. Flow conditions a t  the  c r e s t  were 

s a t i s f ac to ry  fo r  the design z s  submitted. The nzppe was completely 
I 

aerated with the drum gate i n  ra i sed  posit ions except a t  very low 
I heads when the sheet of water from the  c r e s t  did not c l e a r  the  sel f -  

aerat ing piero. This l a t t e r  condition, while not serious,  may he avoided I 
~ by using the r iver  ou t l e t s  ins tead of tile spillway f o r  very small 
I ~ discharges. The coeff i c i ~ n t  of discharge a t  .m,afimum reservoir  elevation ~ 

of 575 f e e t  was found t o  be 3.71, a s  compared t o  the  design coeff ic ient  I ~ 
i of approximately 4.14. The dif ference i n  coef f ic ien ts  resulted i n  a 

rnaximun f r e e  discharge of 38,400 second-feet, as  compared t o  a discharge 

of 43,000 secofici-feet f o r  the maximurn design head. Due t o  t he  nature 

of the  topography of the s i t e ,  a longer spillway c r e s t  was found t o  be 

uneconomical. It was therefore decided t o  increase the  maximum reservoir  

e levet ion by 2 f e e t  to brine t h e  spillway capaci3y t o  the required 

43,000 second-feet, The model t e s t s  indicated a mcudmum reservoir  water 

surface of elevation 577.0, as compared t o  t he  design water surface of 

e levat ion 575.0 feet .  Head-discharce curves obtained from the  model 

ca l i b r a t i on  a re  shown i n  Figure 6 fo r  the  f ree  c r e s t  and several  



t h e  same condit ions a re  shown on Figure 7. 
The chute ,  There was considerable splashing over the  chute t r a i n ing  

walls a t  spillway of over 30,000 second-feet. The spillway 

j e t  expanding from the 70-foot spil lway gate  sect ion t o  the  80-foot 

chute combined with the  steep slope of the  chute produced f i n s  of water  

along the  t r a i n ing  walls. The major i ty  of the  splashing was produced 

by these f i n s .  "Sea walls," Figure 5B, were e f fec t ive  i n  conf ining the  

splashing t o  the chute. Considering t h e  so l id  rock i n  the caiyon 

walls, t h e  niinor nature of the  splashing,  and t h e  infrequency of 

occurrence of the higher discharges, t he  Itsea wallu design was discarded 

anc the o r i g ina l  wall  design re ta ined,  

Considerable splashing occurred within the  chute dur ing  spil lway 

operation with t he  drum gate i n  r a i s ed  posit ions.  For severa l  combinations 

of discharge and gate  opening the  j e t  from the spillwsy impinged i n  the  

r i ve r  o u t l e t  openings a s  i s  shown i n  Figure 8, The combinations of 

discharge and gate posi t ion t h a t  t h i s  c m  occur a re  so  f requent  t h a t  no 

attempt i s  being made t o  limit operat ion t o  avoid t h i s  condition. It i s  

not  expected t b a t  any damage w i l l  r e s u l t  from the  spillway shee t  s t r i k i n g  

the  o u t l e t  troughs. A t e s t  on the  prototype w i l l  be more convincing 

a s  t,o this point. 

The st i l l inn-pool.  Operation of the  s t i l l ing-pool  was satisfactorgr 

a t  a l l d i s c h a r g e s .  A t  discharees of over 30,000 second-feet, the  a c t i on  

over the  end s i l l  was ra the r  rough bu t  was not serious because o f t h e  

sol id  rock i n  the  ccinycn. KL 43,000 second-feet, a drop i n  t h e  t a i lwa t e r  

elevation of ov5r 6 fee t  below r,omel wes req:ired t o  sweep t he  hydraulic 

jump off  the  cpron. A t  33,000 sccond-feet, the drop i n  t a i lwa t e r  

I elevation was incrcaeed t c  12 f e e t  t o  hcconplish the same r e s u l t .  A t  

discharges of 25,000 second-feet and l e s s ,  the  control  sec t ion  i n  t h e  
I 

1 r ive r  inmediately downstream from the  s t i l l ing-pool  maintained su f f i c i en t  

1 t a i lwa te r  e levat ion t o  prcvcnt t he  jw-p washing off t h s  apron under my 

condition. Sti l l ing-pool operation with normel t a i lwa te r  e leva t ions  i s  



second-feet i n  Figures 9 and 10, 

The r i v e r  ou t l e t s ,  General ex te r io r  operation of the  river 

o u t l e t s  a t  fu l l -gate  openings was sa t i s fac to ry .  The o u t l e t s  discharged 

smoothly down the  face of the  spillway and i n t o  the  s t i l l ing-bas in ,  

Ijiodel operation of one and two o u t l e t s  i s  shown i n  Figure 11, Th; 

ac t ion  i n  t h e  s t i l l ing-bas in  was s a t i s f ac to ry  for all combinations of 

discharge with ful l -gate  openings, 















~ FIGURE 8 





FIGURE 10 




